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【学位論文審査の要旨】 
 Nanowire sensors (NWs) have been utilized for high-sensitive and 
specific detection of gases, chemicals or biological species. The extraordinary 
high performance of NWs can be achieved by ideal combination of fabrication, 
assembly and manipulation of nanowires, however, the controllable and 
scalable NWs fabrication has been a critical issue. Micro-chemical pen (MCP) 
is a novel tool based on hydrodynamic flow-confinement technology which 
enables the versatile NWs fabrication. However, the precise control of NWs 
fabrication has still been far from its best. In this thesis, a novel 
hydrodynamic flow-confinement strategy was adopted as NWs fabrication, 
and its precise optimization and its application for sensors were exhibited. To 
explore the performance of the NWs fabricated using the MCP, a series of 
researches was implemented. In consequence, the dissertation consists of 
five parts:  
 
Chapter 1 This chapter was an introduction of the definition, sensing 
mechanisms and existing applications of NWs. The strategies of synthesis 
and assembly of nanowire were summarized. 
Chapter 2 In this chapter, a novel approach was reported for 
regioselective fabrication of conductive silver nanowires on a solid surface 
via diffusion mixing reaction system formed using MCPs. The 
nanoscale-mixing region was achieved by adjusting the viscosity of the 
solution and other parameters with the aid of dyes that functioned as a flow 
boundary indicator. Finite element simulations and analysis were performed 
to simulate the generation of mixing regions, and the chemical pen design 
was optimized. Under the optimal parameters, silver nanowires with high 
aspect ratio (width/length≈1800) were obtained. Silver nanowire arrays with 
uniform width, gradient width and complex patterns were successfully 
fabricated. Then, the NWs was applied to temperature measurement. The 
NWs demonstrated the temperature coefficient resistance (TCR) with 0.0261 
Ω/℃, which was 7-fold larger than the theoretical value of TCR for silver, 
0.0038 Ω/℃. This exhibited the advantages of the NWs fabricated using 
MCPs. 
Chapter 3 In this chapter, an ultrasensitive protein detection was 
reported by using self-assembly-monolayers (SAMs)-immobilized NWs 
fabricated using the MCP demonstrated in Chapter 2. The nanowires were 
constructed to bridge across two independent indium tin oxide (ITO) 
electrodes, and functionalized with anti-IgA antibody via carboxyl group in 
SAM. A trace concentration (88.9 ag/ml) of IgA was successfully detected 
from the change in the electrical properties of prepared nanowires. The TEM 
observation of NWs demonstrated the existence of multi-crystal silver 
particles of 100~700 nm diameter. The consequent immunological reaction 
would have altered the thickness and morphology of SAMs, which could 
change the scattering of conducting electron pathway in NWs. Thus, NWs 
was proved to be applied to the ultrasensitive biological sensing. 
Chapter 4 In this chapter, the improvement of MCP was proposed, and 
the MCP was defined as clean phase-assisted four-pole-MCP. To improve 
sensors’ sensitivity, the smaller width and longer NWs was acquired, which 
could be fabricated using the smaller diameter MCPs. However, serious 
accumulation of silver particles blocked the aperture in aspiration nozzle in 
the small diameter three-pole-MCPs. Thus, a nozzle was installed in the 
MCPs for cleaning reagent injection. By adopting nitric acid as clean phase, 
the nozzle blocking by silver particles was successfully avoided to extend the 
lifetime of MCPs. The novel four-pole-MCPs exhibited excellent stability and 
was suitable for longer nanowires fabrication. 
Chapter 5 In this chapter, the principal findings and results were 
briefly summarized, and the future research and applications of MCP were 
prospected. 
 
The results presented in this thesis have significantly contributed to the 
advancement for fabrication of nano wire and its utilization as sensors. 
Considering the excellent and high-quality research presented in this thesis, 
the candidate deserves the doctoral degree. 
 
